Introduction
The achievement of the sustainable development, which remains more of a political argument (Kronenberg 2006, p.100) , requires the introduction of practical models and mechanisms for the development of business, regions, and countries in a sustainable manner. The impossibility to define the clear and uniform operational guidelines for the implementation of sustainable development policy globally proves the necessity to consider the regional level as the key in terms of developing and implementing modern models of sustainable development, in particular, eco-industrial parks and circular economy projects (Korhonen et al. 2018) . On this level, it is ensured the effective implementation of the institutional power to solve a specific, local complex of socio-ecological and economic problems of the territory. In this context, the main focus should be given to the development and use of the modern innovative methodological approaches to the formation of the relevant regional policy.
The circular economy seen as a form of interorganizational, environmentally sustainable management (Korhonen et al. 2018 ) is based on the flow-based understanding of the character of the production, distribution, exchange, and consumption of goods in the socio-economic system and, consequently, of the turnover of resources and energy within this system (Mishenin & Koblianska 2017) . From this perspective, the need for the complex study of the material and energy flows in an industrial system becomes apparent. This determines the importance of the use of the concept of industrial ecology as a methodological basis for the formulation and implementation of policies aimed to achieve the environmental goals of such systems functioning (Hond 2000; Korhonen et al. 2018; Seuring 2004 ). On the other hand, the content and character of the relationships of economic agents, integrated into a single flow of consumer value creation, are disclosed through the study of material and energy flows within the framework of the logistics methodology. The latter aims to ensure the optimal composition and structure of flows in terms of system-wide (full) costs (or profit). The unity of the flow-based essence of these scientific disciplines raises the question about the possibility of their integration within the system of scientific and methodological support of the processes of formation and implementation of the policy of sustainable region's development that is as yet little investigated.
As it follows from results of the latest scientific research in this field, the forms of logistic organization and corresponding models of logistic management, in particular, environmental (Seuring 2004) , ecological and ecologically sustainable (Kan 2007; Leigh & Li 2015; Wichaisri & Sopadang 2017) , green (Sarkis 2012; Zhu et al. 2008 ), closed-loop (Hernández-Hernández & Montoya Torres, 2011 supply chains are seen as one of the forms as well as the prerequisite for the implementation of the industrial ecology principles, indicating the interconnection of these disciplines. The participants within these chains are tied by the material and energy flows formed along the product life cycle (Kan 2007; Seuring 2004 ). These flows, as well as relationships between participants and their decisions concerning these flows, constitute the scope of industrial ecology studies. Industrial ecology focuses on a cohesive vision of physical flows of materials and energy to reduce environmental impacts within the industrial system, and therefore, commercial aspects and business relationships are not considered as the key issues (Kovács 2017) . The main focus is on the assessment of the environmental aspects of flows that serves as a basis for governance and policy-making through green industries innovations (Korhonen 2002; Melnyk & Kubatko 2013) . At the same time, the methodological principles of logistics based on the systemic study of flow processes provide the understanding of the formation and development of such integrated structures in terms of economics (Kan 2007; Møller 1995; Seuring 2004) . While the assessment of the total costs related with flows in networks and economic valuation of environmental goods and services is seen as a driver for the development of eco-industrial parks (Dea & Freeman 1995; Melnyk & Kubatko 2012) as well as an important factor of the development of green supply chains (Sarkis 2012; Seuring, 2004) and models of industrial symbiosis (Chertow & Ehrenfeld 2012 ), the logistic design should be considered as a tool for systematic planning and implementation of industrial ecology models, ensuring their effective functioning both in terms of environmental impact and costs (Dea & Freeman 1995, p. 85) . However, this issue has not been explored enough. The lack of The International Journal ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 2018 Volume 6 Number 1 (September) http://doi.org/10. 9770/jesi.2018.6.1(20) 331 scientific investigation stipulates the expediency and necessity of a more detailed, thorough and joint study of the methodological principles of industrial ecology and logistics in order to determine the possibilities of their integration as the basis for the formation of the effective and efficient policy of sustainable development of the region that constitutes the goal of this study.
The industrial ecology foundations
In its essence, the industrial ecology implies the metaphorical transfer of ecosystem's functioning vision into the sphere of industrial development. From the standpoint of industrial ecology, the industrial system appears as an ecosystem, where companies are viewed as organisms, and which is seen as an integral part of the natural system (Ashton 2009 ). Accordingly, the principles of functioning and development of the industrial system are formulated based on the simulation of natural patterns: the establishment of the sufficient and cyclical models of resources and energy use, the support of diversified forms of economic agents as well as the simulation of the natural ways of intercommunication (symbiosis through the cooperation) (Kronenberg 2006) . The consideration of an economic system as a part of the natural (Constanza et al. 1991) highlights the issues of regulating the metabolism of the economic system (industrial metabolism), i.e., the flows of the substance, energy and information circulating in the sphere of production and consumption as well as between the economic and the natural systems and regarded as a part of natural material-energy cycles (Baccini & Brunner 2012; Korhonen 2002) . The systemic analysis and regulation of these flows constitute the methodological basis for the research in the field of the industrial ecology (Hond 2000; Korhonen 2002; Schiller et al. 2014) . The paper by Sineviciene et al. 2017 states that institutional factors, e.g. EU accession and common European energy policy are important factors that stimulate energy efficiency improvements. One should emphasize the difficulty of a distinct identification of the content (parts) of these flows, which is determined by the time, spatial and cultural attributes (Korhonen et al. 2018 ).
The main objective of the industrial ecology is to reduce the environmental impact associated with the functioning of the industrial system. This presupposes the optimization of the utilization of materials and energy through the minimization of waste in cascading and cyclic models of resources use (e.g. wastes and by-products), the elimination (or at least the minimization) of the toxic substances implication as well as the priority of the applying of natural materials and natural ecosystems functions (Hond 2000; Korhonen 2002; Kronenberg 2006) . It should be emphasized that from the standpoint of industrial ecology economic goals appear as secondary, to some extent consequential, additional results (Korhonen 2002; Kovács 2017) . This is the main argument for the critique of industrial ecologists (Desroches 2002; Kronenberg 2006) .
In addressing the objectives of the industrial ecology, special attention is paid to the life cycle analysis (LCA) (Hond 2000; Korhonen 2002; Seuring 2004 ). This tool, being used to assess the full environmental impact formed within the product movement system (design-production-distribution consumption-utilization), creates the space of alternatives concerning cooperation of various participants within the industrial system. The substance/material flows analysis are the other important approaches used to evaluate the "environmental price" of current production models (Baccini & Brunner 2012; Sarkis 2012) .
A distinctive feature of the industrial ecology is a fundamental paradigm shift that centers around the understanding of the interconnection of industrial processes, and hence, the necessity to consider the industrialenvironmental relations in order to reduce the negative environmental impact of the system in a whole (Boons & Baas 1997; Hond 2000) . Thus, the focus should be paid not to the individual production processes, i.e. sources of pollution where the strategy of prevention and control is applied, but to the interprocess and inter-organizational (inter-firm) interactions (Hond 2000; Walls & Paquin 2015) . Therefore, the problem of coordination of actors and
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The region is an "ideal way" of the implementation of the philosophy of industrial ecology (Korhonen 2002, p. 49) , as the classic examples in Calundborg and Styria province show (Desroches 2002; Ehrenfeld & Gertler 1997; Ehrenfeld 2000) . Although in the regional system different actors are not directly interconnected in their key activities (Baas & Boons 2004; Korhonen 2002) , the physical proximity is an important factor of the development of cooperation for the use of material and energy resources (waste and by-products) (Baas & Boons 2004; Hond 2000; Korhonen 2002; Korhonen et al. 2018; Kronenberg 2006) , i.e. the "industrial symbiosis" models, where the distinctive feature is the formation of a system-wide environmental result as a consequence of the interactions of the economic agents (Chertow & Ehrenfeld 2012) . Such a regional system, which operates as an eco-industrial park (EIP), can be relatively easily controlled and managed from the point of view of the involved actors. The presence of government coordinating institutions is an important factor in its development (Baas & Boons 2004; Boons & Baas 1997; Chertow & Ehrenfeld 2012; Walls & Paquin 2015 ).
An important problem of the practical implementation of the industrial ecology principles is the role of government institutions in this process. This may include, in particular (Baas & Boons 2004; Chertow & Ehrenfeld 2012; Desroches 2002; Ehrenfeld & Gertler 1997; Walls & Paquin 2015; Wolf et al. 2007 ): -the creation of the opportunities for EIP's development, in particular, through the establishment of standards for the resources exchange, the regulation of resource ownership and pricing policies, the simplification of environmental regulatory requirements and permitting procedures in the field of waste management; -the stimulating of the development through the creation of tax incentives and subsidies allotment, the formation of special funds for financing the development of the EIP; -the coordination of the network structures functioning through the implementation of intermediary functions for the information exchange, which will facilitate the reduction of transaction costs.
It is clear that the formation of institutional drivers for the development of the EIP should be based on the perception of the drivers of the industrial symbiosis models development. Particularly, the existing inter-firm relations including formed in the process of conquering new market opportunities, supply, and product distribution networks (Chertow & Ehrenfeld 2012 ) are seen as the preconditions and basis for the formation of industrial symbiosis models (Baas & Boons 2004) . As Desroches (2002) and Ehrenfeld & Gertler (1997) highlight, the models of industrial symbiosis appear as the result of business-to-business agreements fed on the economic interests primarily (for example, seeking the ways to reduce waste management costs, to get access to the cheaper resources, and to obtain the additional income) (Desroches 2002; Ehrenfeld & Gertler 1997) . It is emphasized that environmental benefits are of secondary importance, being valued, to a greater extent, in terms of gaining consumer loyalty and trust of the institutions (Desroches 2002) . Therefore, the policy must focus on creating the right economic context for the development of industrial symbiosis models and the formation of an EIP first and foremost.
The forming-up of the inter-firm relationships essentially depends on the level of transaction costs. In the exchange of by-products and wastes process, such costs include the exploratory, regulatory, contractual and control costs (Chertow & Ehrenfeld 2012; Ehrenfeld & Gertler 1997) . These costs reflect the "economic" dimension of material and energy flows as objects of the industrial symbiosis. This means that for the private agents the material and energy flows are primarily measured within the categories of transaction costs, transportation costs, cost of resources and their disposal. The level of these costs, compared with the potential revenues is the basis for the implementing of strategies that substantially comply with the concept of industrial ecology (i.e. models of industrial symbiosis). Ultimately, this will ensure the development of eco-industrial parks. The transaction costs minimization is also important in terms of interregional security, since their minimal levels 333 would guaranty economic, social and environmental convergence (Melnyk & Kubatko 2016) . From these positions, it is obvious that the space of alternatives, formed by the institutional environment, should be based on the systemic and complex studies of flow processes in the light of the whole set of their measurements: ecological, social and economic as well. This will enable us to resolve the existing contradictions between the public (in this case, environmental) and private (economic) goals. However, the point to be emphasized is that understanding of the economic actors' decisions and their determinants is one of the main challenges for the industrial ecology (Baccini & Brunner 2012; Kronenberg 2006) as the set of its tools and methods is insufficient to address it completely. For example, the LCA captures only the substance and form of the product related environmental impact. It does not make it possible to identify the factors (economic) of its minimization. The analysis of the composition and structure of energy and material flows (i.e. MFA) is not enough to make a decision on how to promote the integration as well as the formation and development of a local industrial ecosystem (Wolf et al. 2007, p. 454) . In this context, the field for the application of the logistics methodology as a scientific discipline associated with material and energy flows researched in their economic essence is coming into being.
The fundamentals of logistics
The modern logistics as an interdisciplinary science (Delfmann et al. 2010; Klaus 2009; Kovács & Spens 2005; Malindžák 2014; Møller 1995) comes from many scientific traditions and shaped by the influence of the economic and behavioral approaches (Arlbjørn & Halldorsson 2002) . The logistics concept originates mainly from the marketing, management, engineering (Kovács & Spens 2005) , business administration, economics, computer and social sciences (Delfmann et al., 2010) , microeconomics and organization theory disciplines (Møller 1995) . In a broad sense, the logistics appears as a "flow management philosophy" (Malindžák 2014, p. 47) , the science about complex flows in networks, focused on the design, dynamics and management of these structures, that contributes to the growth and retention of "The Wealth of Nations" (Delfmann et al. 2010 ). More specifically, logistics is a branch of science related to managing, guaranteeing, and implementation of flows in chains and networks for the purpose of their global optimization (Malindžák 2014, p. 47) . The methodology of logistics is aimed to model economic systems as networks, analyze their relationships thus to form the information basis for their optimal design (Møller 1995) and development in order to ensure progress in the balanced achievement of economic, environmental and social goals (Delfmann et al. 2010 ).
The flow thinking is the central element and a distinctive feature that defines the essence of the logistics as a discipline (Delfmann et al. 2010; Malindžák 2014; Arlbjørn & Halldorsson 2002) . This means that economic processes are considered as the flows of objects (Delfmann et al. 2010) (Møller 1995) as well as on the issues of flows mobilization and control while studying the optimal configuration and organization of economic networks models (Delfmann et al. 2010) . One should emphasize that the economic approach as one of the mainstays of the logistic concept focuses on full costs minimization (or profit maximization) (Karatas-Cetin & Denktas-Sakar 2013; Arlbjørn & Halldorsson 2002) as a criterion for such optimization modeling. The logistic flows are understood as a controlled movement of objects between cooperative elements (machines, activities, people, workplaces, etc.) linking them in chains and networks (Malindžák 2014, p. 49) . The flow composition depends upon the objects (materials and substances) forming it as well as the context. The elements, as a rule, include the material objects such as raw materials, work in progress, finished products, goods as well as information and services flows (Klaus 2009; Arlbjørn & Halldorsson 2002) . At the same time, the composition of the flow elements can vary depending on the context in which they are At the same time, the material flow is the main object in logistics considered as a system-forming, integrating a variety of activities factor, that broadly speaking, covers the full product lifecycle: from developing an idea to the final disposal of waste of consumption. The material flow simultaneously reflects the horizontal -the functional dimension of the logistics system, i.e. supply, production, distribution, service, etc. (Møller 1995) . The basic tools and methods in the logistics are simulation and modeling. The most often used include the models of logistic flows, plans scheduling, decision making, optimization etc. (Malindžák 2014) . The modeling of system dynamics also is used to study the relationships, organization and integrated development of logistic structures (Angerhofer & Angelides 2000) . It should be stressed that the life cycle analysis (Life Cycle Cost Analysis (LCCA), is also one of the main methods of the design of logistics system used to analyze costs (Dea & Freeman 1995) . The above analysis shows that the logistics forms the scientific and methodological basis for the modeling of an efficient system in terms of full costs, while also providing an optimal set of products and services that meet the needs of the consumer.
The use of the industrial ecology and logistics methodologies to build the region's sustainable development policy
In view of the aforesaid, the question arises about the possibility to form an integrated, complex "conceptual" space for the development of the policy of region's sustainable development based both on the industrial ecology and the logistics as flow sciences. To investigate the interconnection of these disciplines we are going through the generalization and comparison of their basic provisions (Table 1) . 
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The outlined above (table 1) suggests that industrial ecology and logistics are scientific disciplines that simultaneously examine various aspects (environmental impact and costs) of the industrial networks functioning through the emphasizing of the flow form of organization of the movement of resources (materials) and energy in these systems. The conceptual model for the mapping the relationship between these two disciplines is depicted in Fig. 1 Thus, the Fig. 1 illustrates that the material and energy flow in the regional system is a multidimensional thing. It exists in biophysical terms and hence has the "environmental" characteristics determined by the mass and quantity, type of substance, the degree of concentration, toxicity, and place of disposal. At the same time, it is valuable from the standpoint of the role in the socio-economic system and is measured by the consumer's value, costs of resources, transport costs, costs of management (disposition), etc. The logistics, considering the "socioeconomic" dimension of flow processes and their system-wide economic optimization, can thus serve as a methodological basis for the formulation and implementation of policy aimed to achieve a set of region's sustainable development goals such as: the economic development (through the minimization of resource flow costs that leads to the improvement of the competitiveness of goods and services produced regionally), the social welfare and wealth of the population (through the provision of the supply of goods and services of the required quality with a minimum level of costs in accordance with the needs of consumers completely and in time), as well as the environmental goals through the minimization of the environmental impact of optimized production and consumption flow processes in the region.
Environmental dimension -Environmental impact;
-Mass and quantity; -Type of substance/material; -Concentration; -Toxicity; -Disposition Social-economic dimension -Value; -Mass and quantity, quality; -Place&Time; -Costs -
Material / Energy Flow
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The implementation of the logistics approach when managing the regional development requires considering all processes and components that constitute the region's economy as the elements of a regional logistic system. These typical elements include the spheres of production, supply, distribution, consumption, and disposal, integrated into a single flow of resources movement from the primary source (extraction of natural resources) to the production and consumption wastes disposal, and reflect the functional areas of logistics management in the region. Full cost analysis should be complemented by the environmental assessment of all stages of the resource flow movement. The latter requires taking into account the "environmental" dimension of material and energy flows in the process of the design and management of a regional logistics system. This needs the transformation of the "environmental" meaning of the material and energy flows into the corresponding social-economic value on the basis of a more complete, more realistic assessment of the natural goods (resources and conditions) from the point of view of their public value (for example, the providing, supporting, restorative functions) and will allow to consider waste and by-products as the full-fledged components of material and energy flows in the system of commodity movement, i.e. social-economic system. The systemic projection of the full, environmentally-adjusted social costs should be seen as a part of the search for solutions for the development of eco-industrial parks in a form of a regional logistic system (Dea & Freeman 1995; Quariguasi et al. 2008) . The goal here is to optimize the flows within the regional eco-industrial logistic system based on the minimization of the overall social costs associated with the movement and transformation of resources and energy in industrial networks.
In this context, it is possible to propose the following stages of region's policy formation:
1) The identification of the flows in the regional economic system and their analysis with the simultaneous study of the environmental impact at each stage of the resource flow (resource exhaustion, waste and emissions generation, wastewater discharge, emission of pollutants in gaseous forms etc.), thus forming the green economic flows;
2) The analysis and assessment of the public value of natural goods (including ecosystem services as well), taking into account the degree of their scarcity in the region and alternatives of using;
3) The estimation of social costs, associated with resource flows in the region; 4) The optimization of economic flows on the criterion of the full social costs minimization; 5) The formation of the methods and tools of integrated environmental-economic policy and management, which should ensure the optimal state of green economic flows and by that provide the achievement of the environmental goals of the regional industrial system.
The authorities can thus act as a leader in the process of an inefficient regional logistics system restructuring through: -The strategic planning of the region's development on the basis of a system of socio-ecological and economic indicators (in particular, based on the full social costs, that take into account environmentally related variables); -The use of the system of economic levers (for example, the pricing and the taxation) based on the proper valuation of natural resources and conditions; -The administrative regulation of economic activities, including those in the field of natural resources management (for example, the introduction of the system of permits for special use of resources); -The balanced stimulation of investments and innovative activities; -The participation of the public sector in the creation of the necessary infrastructure for the collection, reuse, and recycling of wastes, further use of wastes and secondary raw materials (by-products), as well as an implementation of the informational support of these processes; -The development of public procurement programs for the products made from the secondary and recycled materials for the needs of the community. 
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In our view, the use of the logistics methodology combined with the industrial ecology principles to manage ecological-economic relations at the regional level will allow solving the key tasks of regional governing on the innovative bases. Among others, these tasks include: the development of an optimal strategy in the regulation of structural proportions and material flows of public production and consumption in the regional scale; the selection of efficient economic and administrative tools for the optimization of material and related flows of services, finances and information which in turn will contribute to the reducing of the environmental impact throughout the region.
Conclusions
Environmentally targeted regulation of material and energy flows in the regional space that embodies the philosophy of industrial ecology should be considered in the light of the need to ensure the population welfare and from the viewpoint of the economic interests of business agents. Considering logistics as a science of managing the complex flows in networks allows not only to provide the economically high-efficient movement of resources in the socio-economic system, but also to consider the logistics and the industrial ecology arow as the parts of the scientific base aimed to achieve the goals of sustainable development of industrial systems on different hierarchical levels. These two disciplines should be seen as complementary and those that receive a newly integrated vector of development under the conditions of sustainable development paradigm. Within the given context the in-depth insight of the object of management is important. It is the material flow, investigated both in the industrial ecology and logistics, but from different perspectives: the physical and environmental in the view of the industrial ecology and the physical and socio-economic within the framework of the logistics. The integration of these two aspects and thus disciplines' fundamentals should, in our view, serve as a methodological framework for the justification of conditions to be created by the institutional environment for the implementation of policy and mechanisms for the development of regions on a new, sustainable basis.
In the light of this, one should emphasize the need for the ecologically caused improvement of logistics knowledge. This should include, in particular: the methodological basis improvement taking into account the foundations of the ecological economics, environmental ethics, principles of industrial ecology, etc., the goals reframe (i.e. logistics management should be regarded as aimed at achieving a complex of socio-ecological and economic objectives of resource movement and use), the broaden interpretation of the object of logistic management including the waste streams, returned goods, by-products, emissions as well as related information, finances and services, the development of methodical basis for the decision-making through the use of material flows analysis and environmental life cycle assessment tools.
Thus, the integration of the conceptual provisions of logistics and industrial ecology in the context of sustainable development allow to view the eco-industrial parks as the regional logistic systems with the optimal flows structure, where the total social costs associated with the flow of goods (and, accordingly, the natural material and energy resources involved in the process of creating value, expressed in commodity form) are minimized and the environmental impact consequently too. Therefore, there is an obvious need for the further researches concerning approaches to the modeling of complex flows at the regional level taking into account physical, social, economic and environmental variables and their valuations, the methodical tools for evaluating and analyzing the full social costs associated with the resource flow in the regional system, as well as the models and algorithms for making managerial decisions in the public sector.
